A large part of the phosphorus applied in mineral fertilizers is accumulated in the soil. The distribution of this phosphorus among the various forms has been the object of numerous investigations. Dean (6) showed that phosphorus applied to acid soils tended to accumulate in the alkali-soluble forms, and phosphorus added to neutral or calcareous soils tended to accumulate in acid-soluble but alkali-insoluble forms. Further studies have corroborated the observations that dressing with soluble phosphates mainly increases fhe phosphorus bound to aluminium and iron, even in soils with a pH value of 6.7 (5, 18). On the other hand, Nagelschmidt and Nixon (17) found by X-ray diffraction studies that superphosphate which for a century had been applied to a calcareous soil formed apatite. Rock phosphate appears only slowly to react with the soil, and a part of it may remain in its original molecular combination for a considerable period (8, 16 ). Bray and Dickman showed that rock phosphate increases the »acid-soluble» phosphorus, but any conversion to adsorbed forms is found to occur only in acid soils with a pH value of 5 or less than it. Some increase in the organic phosphorus fraction of soil as the result of fertilization with superphosphate for a longer period has been demonstrated (10, 14, 20) .
In some previous works (9, 13) it was proved that in more or less acid Finnish soils the superphosphate phosphorus mainly increases the fractions which are supposed to represent phosphorus bound by aluminium and iron compounds. The rock phosphate, on the other hand, enhanced the calcium bound phosphorus, and only a small increase in the aluminium bound fraction could be detected.
In the present paper some further results are reported on the accumulation of superphosphate and hyperphosphate phosphorus in soils of field trials. Also some incubation experiments were carried out. To get more guidence for the interpreting of the results of the fractionation, the method employed for soil samples was applied to a variety of phosphate fertilizers. The fertilizers studied were Finnish hyperphosphate containing 12.6 %of P according to the manufacturer's analyses, superphosphate (8.5 %of P), and Kotkaphosphate (9.5 % P as superphosphate and rock phosphate). In addition to the fertilizers also dicalcium phosphate dihydrate was fractionated.
Analytical methods
Phosphorus fractionation was performed by the method introduced by Chang and Jackson (4) ; only instead of neutral NH,F a slightly alkaline solution recommended by Fife (7) was used. Organic phosphorus of the soil samples was determined by an acid-alkali extraction (15) .
The acetic acid soluble phosphorus was estimated by shaking the soil samples for half an hour in 0.5 N acid in the ratio of 1 The pH-values refer to suspensions in 0.02 N CaCl 2 in the ratio of 1 to 2.5.
Results

Fractionation of fertilizers
The amount of phosphorus extracted by certain solvent from a phosphorus compound largely depends on the ratio of extraction and on the presence of other salts or material capable to disturb the process. Thus, it cannot be claimed that the results of fractionation reported in Table 1 would give any reliable picture in the The soil samples of Trial 2 were taken from the successive layers down to 6 inches. Thus, it is possible to find out the distribution of superphosphate phosphorus into the different depths. The pH-values measured in CaCl 2 -suspensions were 4.8 for all the layers and treatments. The first fraction, the phosphorus extracted by Table 3 . The working in of superphosphate by spade harrow has mixed the fertilizer into the four highest inches which is a fairly good result (cf. 9). In these layers, the superphosphate phosphorus has increased both the fraction extracted by NH 4 F and that extracted by NaOH, the former probably slightly more than the latter. No significant increase in the acid-soluble phosphorus may be found in any layer. The amount of superphosphate applied to this soil corresponds to about 80 mg of P per kg of soil in a layer of 4 inches. This amount is almost completely recovered in the four fractions determined. Superphosphate increased the P concentration in the 0.02 N CaCl 2 -extract by 0.03-0.06 mg/1. The increase in acetic acid soluble P was barely significant, while a marked increase was found in the phosphorus extracted by NH 4 F-HCI.
The fate of superphosphate phosphorus in a less acid soil than that of Trial 2, and five years after the application, may be traced by examining the results of (Table 5 ). This accumulation of fertilizer phosphorus in organic form may be due to the activity of microorganisms. It is, however, more likely that the larger amounts of plant residues in the fertilized plots account for the corresponding higher content of organic phosphorus in soil. The possible differences in the mobilization rate of organic phosphorus in these samples was studied by performing a couple of incubation experiments.
Incubation experiments
The incubation experiments were carried out at 18-20°C. 2 g of the peat samples from Trial 4 were weighed into 100 ml Erlenmeyer flasks; three of the replicates were moistened with distilled water, the other three were kept dry until the samples were analyzed for organic phosphorus after an incubation period of four months.
The mineralization, or the increase in the inorganic phosphorus content and the decrease in the content of organic phosphorus, in these samples was found to be the following; Thus, there is a tendency for a higher rate of mineralization of the organic phosphorus from the plots annually treated with 100, 200, or 300 kg/ha of superphosphate (P, 2P, and 3 P respectively) as compared with that of the untreated one. It is possible that the main part of the organic phosphorus mineralized during the incubation originated from plant residues. At the sampling time the experimental crop in this trial was a nine year old timothy ley, the root system of which had probably produced a large amount of organic material in the soil. This supposition may be corroborated by the results obtained when samples from successive layers of this soil were incubated. These figures are reported in Table 6 . In all the treatments the highest amount of organic phosphorus was found in the top inches where also the decrease in it due to the incubation tended to be both absolutely and relatively the largest. It may be mentioned that in the deeper layers, from 20 to 28 inches, no mineralization of organic phosphorus could be detected in incubation experiments. The fact might also be taken into account that during the experimental period the yields and therefore the amount of plant residues were very low in the untreated plots.
Discussion and summary
In the present paper it is tried to trace the fate of fertilizer phosphorus in soil by comparing the The test values for »available» phosphorus showed the effect of fertilizers in accordance with previous observations (9, 13) . Acetic acid soluble P revealed the treatment with hyperphosphate, but only slightly the application of superphosphate. The test value for the sorbed P of Bray and Kurtz (2) . or phosphorus extracted by 0.03 N NH 4 F-0.025 N HCI, distinctly indicated the addition of superphosphate, and also to some extent the presence of hyperphosphate phosphorus. Thus, even these results furnish a supplement to the data (11, 19) which prove that acids are not recommendable for the estimation of »available» phosphorus in Finnish soils. Probably, the use of ammonium fluoride would give a more reliable picture, provided, it is on the whole possible to characterize the phosphorus condition of soil with this kind of test values.
